In support of data-intensive research and inquiry, data curation has been recognized as an emerging field of study and practice. The field has evolved rapidly, but knowledge structure and themes of diverse research on data curation is unclear. The purpose of this study is to identify important descriptors, major research themes, and their inter-relationships in the field of data curation. This study employs co-word analysis to map the conceptual space of the field of data curation in terms of topical clusters and frequencies. For this, the most frequently occurring words and phrases in journal articles' titles were identified. Then the co-occurrences of those words and phrases were analyzed and visualized using social network analysis. It is anticipated that this study will be helpful in setting the research direction and subjects of researchers in the field of data curation.
Introduction
Over the last several years, there has been a dramatic increase in the amount of data generated as part of scientific investigation with the advent of e-Science. This trend has offered great opportunities for scalability and flexibility in the higher education setting. But with such opportunities come great challenges, as institutions have endeavored to develop services and strategies to manage the growth and complexity of research data.
In just a few short years, data curation has been widely embraced by the profession, but it is not a newly emerged discipline. Its origin dates back to the earliest organized efforts to preserve and distribute machine-readable data when several social science data archives in the United States were established in 1960s. The discipline, however, has evolved and advanced recently due to data-driven research and development. A number of articles and research reports related to how infrastructure, services, and skill sets have or should support and expand to meet the need for data management and curation have been published over the last several years. Despite the dramatic growth of scholarly publications, as a relatively young discipline, there are ongoing debates on diverse issues, such as the definition and boundaries of the field of data curation. Little work has been done to explore the research themes of the data curation community.
As such, this study attempts to identify important descriptors, major research themes, and their inter-relationships in the field of data curation. This will contribute to our understanding of the intellectual structure of the data curation field.
Methodology
Co-word analysis, which is based on the co-occurrence of pairs of words or phrases in a corpus of texts, is a technique used to identify the relationships between ideas within the subject areas presented in the texts (He, 1999) . It has been applied to extract themes and detect the linkages among the themes directly from the subject content of texts.
As a preliminary study of a larger project, this study used article title words as the unit of analysis. The article titles have been regarded as a "means of making visible the internal cognitive structure of a discipline" (Leydesdorff, 1989, p. 221 ).
Sampling Article
Research on data curation has been communicated via various forms, including peer-reviewed journals, books, and conference proceedings. The form in this study is limited to peer-reviewed journals, which have served as a mainstay of scientific communication in many disciplines for decades. A journal article search was conducted using a number of databases, including Library Information Science Technology Abstracts, Library Literature, Web of Science, and Google Scholar.
As a result, a total of 502 articles were retrieved. As shown in Figure 1 , the number of data curation literature has grown at a steady rate. The greatest shift toward and prevalence of research occurred after the late 2000s, reaching peaks in 2014. The number for 2015 should be noted with caution, since it is likely that the database was not fully updated. 
Conducting Co-word Analysis
To identify important descriptors and major research themes in the field of data curation, the most frequently occurring words and phrases in articles' titles were identified and tabulated using Provalis Research's WordStat, a text-mining software. Stop words and non-specific words with limited analysis value were excluded. Then data was manipulated to include plural and singular forms of a word, as well as present and past tense verbs, in one category. The frequency analysis of words was performed to determine the frequently occurring words used in the titles. A hybrid list of terms (words and phrases) was then constructed based on the terms that occur at least three times.
Co-occurrence calculations were conducted using Jaccard's coefficient index. Then cooccurrence data was then exported for visualization in Gephi, a social network analysis tool by applying Force Atlas 2 layout. The network characteristics of the co-occurrence data were analyzed using centrality, which measures the degree of interaction to other networks, and density, which measures the internal strength of the network.
Results

Frequently Occurring Terms
As described in the methodology section, a hybrid list of terms was generated that includes 362 terms out of a total of 1,103 unique terms identified. Table 1 presents the top 50 most frequently occurring words and phrases in the articles' titles. The frequency represents the number of occurrences of the terms. The most frequently used terms were "data," followed by "research data," "data curation," and "preservation." Terms in article titles such as "practice," "approach," "development," "design," and "case study" imply that many studies have contributed to the development of data curation best practices and infrastructure as well as the design and planning of data curation/management services; specific tools or techniques are rarely mentioned. The Betweenness Centrality was chosen in this study because it reflects a term's connections to other well-connected terms. According to the high Betweenness Centrality, these terms were noted as important concepts in the field because they served as the important bridges connecting other research themes or subfields: the most central term is "data," followed by "research data," "library," "data management," "research," and "preservation." Additionally, the density of network with Pearson's coefficient was calculated. Compared with the broader discipline of library and information science (Hu, Hu, Deng, & Liu, 2013) , the value from the analysis (0.040) indicates that the data curation field is relatively decentralized and not fully developed. Figure 2 presents the map of co-occurrence matrix, which visualizes 220 nodes (60.77% of total) and 1,240 edges (47.47% total). The relative size of nodes is proportional to the frequency of terms. Line thickness reflects the closeness of connections between two terms; the thicker the line between two terms, the closer the connection is. Additionally, concept communities are distinctly presented in different colors: blue, red, green, and purple. This study is in progress for a larger project that is intended to analyze larger datasets, which include words from article titles, abstracts, and keywords. It should be noted that titles are not entirely problemfree for co-word analysis although titles as the main indication of articles' subjects convey important
